in the medical building of the UT Department of Hygiene, its mission was not to make a profit but to combine the promotion of health policies, through the production of low-cost vaccines for free distribution, with the development of research, by creating a source of funding for university laboratories. In the early years financial profit was not the objective of the promoters of the UT laboratories. We thus witness the setting up of an initial form of association between UT and a commercial organization, under the aegis of the state, the guarantor of a function similar to that of a public service and the sale of drugs at cost price or even free distribution. This was the spirit prevailing over UT's policy on the manufacturing and distribution of insulin. 
1-Patents and Medical Ethics: the Dilemma of the University of Toronto
The decision to patent insulin was by no means self-evident for the UT discoverers. Patenting a medical discovery clashed with the university's norms, which proscribed the privatization of the results of academic science ix , as well as the norms of the medical profession whose code of ethics prohibited its members from appropriating health goods. These were to remain free of any monopoly and of any financial gain x :
'Since, however, it is contrary to the traditional principles of the medical profession to restrict the production or supply of any substance that may be used for the alleviation of human suffering and is contrary to its ethical code for any physician to derive financial benefit from the sale of such substance …' xi . To reach their decision and build their strategy for administration of a medical patent, the discoverers of insulin studied precedents -Macleod cites the patenting of adrenalin in 1900 by an industrial chemist, Takamine, who granted an exclusive license to Parke Davis xii -and directly contacted
Kendall at the University of Minnesota who had patented thyroxin a few years prior to that xiii . In a well-argued letter dated 10 April 1922, Kendall described the patent for protecting and exploiting thyroxin, and presented his views concerning patents on biological and medical products. He encouraged his colleagues to patent 'the pancreatic active agent', for he considered that patents were an appropriate way of protecting biological and biochemical preparations, and that new patents on substances of therapeutic interest were likely to enable the norms of the medical profession to evolve:
'if this thing is done enough times, and the matter brought up before the medical profession, all the old time prejudice will surely disappear' xiv . He then described in detail the scope of the thyroxin patent which covered both the substance and the method used to separate the product. He highlighted the advantages of dual protection of both the product and the production process, which allowed for strong power of control over
industry. Yet, to extend the protection of the patent to a substance which did not yet appear to be perfectly isolated and defined, Kendall suggested defining it in the patent in terms of its physiological and clinical effects: 'in regard to the patent, you will of course be unable to patent the substance as yet, but you should have no trouble with patenting the process, and you can make this very broad, so broad that I feel sure you can safeguard the preparation. The substance can be defined in your case by its physiological action, as nothing similar exists' xv .
Kendal then informed Macleod of the system for administering the thyroxin patent. This patent was co-owned by the University of Minnesota, the Mayo brothers, and the discoverer himself. The latter two parties had sold their rights to the University on condition that it organized the commercial exploitation of the drug in the interests of the medical profession. To administer its patent and transfer the invention to industry, the University of Minnesota set up an ad hoc committee, on which Kendall was secretary. The committee responsible for managing the patent chose to grant an exclusive licence on thyroxin to the firm Squibb and Sons. The licence was drafted in such a way that the University of Minnesota retained very strict control over the preparation, sale and price of thyroxin. It used the patent to organize the production of this drug and its market: 'we have limited the manufacture to one firm and we control every world of advertising that firms puts out. We have a right to control their factory and twice a year the books are gone over and a financial adjustment is made. We have set the price at which thyroxin is sold …'. The University of Toronto was strongly inspired by this setup. The 'inventors' of insulin likewise gave their rights to the university, which set up an insulin committee in 1922 to administer its patents and manage relations with industry. Toronto drafted licences which were very similar to the one described by Kendall as regards regulation of industrial production, the sale of the drug and control over its price. As far as royalties were concerned, the University of Minnesota received half of the profits of Squibb and Sons, between 5 and 10% of the price of the drug, while the University of Toronto applied a rate of 5%. The two universities did nevertheless differ on one point: the exclusivity of the licence. While UT decided to grant an exclusive licence to Eli Lilly to develop the technology and production of insulin, it was clearly agreed from the date of the concession of this licence, in May 1922 , that that exclusivity was only temporary, for an experimental period of one year, and that it would be replaced in May 1923 by non-exclusive licences with several pharmaceutical firms. While the question of the exclusivity or nonexclusivity of the licence did not seem to be a matter of concern to Kendall, it was a key principle in the policy of the University of Toronto, which wanted to prevent any monopoly on the manufacturing of insulin.
The last point addressed by Kendall concerned inventors' possible remuneration.
Although Kendall noted that he had requested no personal remuneration, the agreement between himself, the Mayo brothers and the university stipulated that the governors of the university were authorized to pay him a share of the university's revenue, not He thus disregarded the status of exception attached to inventions and inventors in the medical domain. This was by no means the point of view of the co-discoverers of insulin.
The University of Toronto was deeply concerned about administering its patents on the basis of the ethical principles of the medical profession. It wanted to use its industrial property not as an exclusive tool of appropriation for drawing a rent or collecting a share of the profits for the inventors, but as a means to regulate the industry and the drug in conformity with the ethical code of doctors, and to defend patients'
interests. The inventors justified their patent by a paradox: they were to use it to prevent any inclination to create a monopoly: '…it was decided that the patents should be assigned to the Board of Governors of the University of Toronto to be held by them for the sole purpose of preventing any other person from taking out a similar patent which might restrict the preparation of insulin'
xvii . In addition to its role of preventing a commercial monopoly, the patent gave the university an authority to set the standards of the new drug, control the quality of its industrial production, and regulate the conditions of its marketing. In the university's hands the patent was to be a tool to discipline the industrial world, to organize the distribution and use of the new drug, and to guarantee its accessibility. office. This agreement was completed by an arrangement concerning the splitting up of income from royalties, for the benefit of a university research fund and non-profit institutions hosting inventors.
2-Which Format for Insulin Patents
Once the decision had been taken to patent insulin, the question of the format of the (process and/or product) patent(s) had to be answered. Would it be best to patent only the process for preparing insulin (and any possible variants), or also the isolated substance, even imperfectly purified -given that the scope of a product patent was far broader than that of a process patent? Whereas ownership of a process patent left the first inventor at the mercy of subsequent inventors who would be able to develop more efficient processes for isolating and purifying the product, the owner of a patent on the substance would be able to control future improvements to processes, which would be dependent on the basic patent. Because academics at Toronto had little experience in patenting biological products of medical interest, the patent format was negotiated and co-defined by the different protagonists, that is, university colleagues -primarily Kendall -, the legal adviser of the UT insulin committee, Riches, the Eli Lilly patent adviser, G. Schley, and the R&D manager at Lilly, G. Clowes. Toronto's results which, in their opinion, were more a discovery than an invention: 'the fact is that the real and essential discovery, or invention, is not the process of making the extract, but the fact that a suitably made extract will effectively replace the hormone which is defective in diabetes. This discovery cannot in itself be protected by patent' xxxii .
Dale and Dudley saw in the discovery of insulin an effort that was of a scientific rather than an industrial nature: 'It must be borne in mind that a degree of novelty and priority in discovery, which is quite sufficient to establish a worker's claim for scientific credit among his colleagues, may be wholly inadequate to sustain a claim to the monopoly of pecuniary profit from that discovery, against the ingenuity of commercial rivals'
We are going to see that intellectual property at the University of Toronto was not as fragile as Dale and Dudley imagined. First, the legitimacy of Toronto's patent claims was never questioned, neither by the patent offices nor by the judges, whether from the angle of non-patentability of scientific discoveries (Dale and Dudley) or from that of natural substances (Murlin). Second, the university was able to maintain its control over the intellectual property of insulin, owing to the extent of the basic patent that it owned, which was an obligatory point of passage in North America xxxiv , and to the principle of mutualization of patents that it managed to impose on its partners and licensees from
1923. This system of control lasted until the 1950s. Collip, it was simply to demonstrate that its own product was far purer and more stable than that of the UT researchers. Riches showed that Lilly's patent covered both the new process and the product, and that if a product patent was granted, it would give Lilly an absolute monopoly on US production. This type of patent clearly rivalled the product and process patent that the university had applied for in the US: 'In my opinion, these product claims have been drawn for the deliberate purpose of securing to the Eli Lilly Company a monopoly in the United States of the production and sale of Insulin by any method whatsoever and conflicts with the policy of the University in doing the greatest good for the greatest number'. Riches shows that Lilly's product and process claims corresponded precisely to Toronto's patents and even used knowledge that had been communicated to the Lilly research director during interaction with UT researchers. In drawing up the list of overlaps and borrowings, Riches developed an argument for a future patent battle and concluded that the final settlement of the scope of the Walden xlv patent was crucial. If the patent was limited to the purification method, it did not encroach on the university of Toronto's intellectual property. However, if it laid claim to a preparation containing the anti-diabetes hormone, it encompassed not only the Walden method but also that of the UT inventors.
3-How to maintain
To regain control in the US, the University of Toronto devised several strategies.
First, it tried to get its partner to rewrite its patent application in such a way that it limited its scope. It pointed out that the Walden patent was subsidiary to and dependent on the university's patent. The repetition of UT's injunctions and Lilly's proposed amendments up to the spring of 1923 shows that the former was unable to obtain what it wanted. It then decided to counter-attack directly in the US by filing an application for a rival patent by a researcher at the University of Saint-Louis, Shaffer, who had developed a principle similar to the one patented by Lilly. Toronto had thus found in Shaffer an ally to challenge the priority of Lilly's patent: ' …Prof Shaffer considered Eli Lilly and Co.
were not warranted in applying for these patents since the idea of precipitation of the isoelectric point was not original with them'
xlvi . The outcome of this struggle was that
Lilly finally agreed to hand over its patent to the University of Toronto, which was then responsible for rewriting, filing and administering it. The Walden patent was one of the insulin patents that the university managed up until the 1940s
For what reasons did Lilly decide to cede its intellectual property rights to the University of Toronto when in fact it was perfectly entitled to file a US patent on an improvement developed by its research laboratories? It is likely that the pharmaceutical firm was reluctant both to lose the benefits of intense scientific cooperation with the university and to bear the costs of conflict with the scientific and moral authority of the discoverers of insulin. This authority was related to the actual discovery of insulin, to the beneficial effects of the new drug on patients, and to the medical ethics defended by the university, for exploitation of the drug. Engaging in a legal battle over the intellectual property of insulin would run counter to the ethical considerations that the university upheld. It was better to opt for the university's patronage: 'While we consider ourselves legally and morally entitled under our agreement with the committee to take the strongest possible patents on our discoveries and whilst we are not in the least concerned about Shaffer's claims as our process is superior to and differs essentially from his and we are satisfied of our priority nevertheless we would not consider doing anything that might embarrass Toronto University' xlviii .
Lilly agreed to an important sacrifice: in so far as its patent was administered by the university, and the university intended to grant non-exclusive licences to several pharmaceutical laboratories, it was likely to lose its pre-eminence in insulin extraction 
4-Regulating the industrial production and market of insulin by means of patent licences
The distribution of operating licences on its patents was an opportunity for the University of Toronto to define a particularly broad regulation of the drug, including the sharing of innovations via the patent pool, the control of sound manufacturing practices by licensed firms, the testing of their products, and the monitoring of their advertising and prices.
The university endeavoured first to organize a non-monopolistic market for insulin by distributing non-exclusive patent licenses -even if, paradoxically, it started by granting an exclusive license to Eli Lilly for an experimental period of one year. This exclusive relationship was justified by the concern to establish more efficient scientific cooperation with a single partner in order to co-develop industrial manufacturing processes faster, to standardize the product and to relieve patients three-page documented letter to complete the information relative to their biological product manufacturing units, to the control of the sterility of these products, and to the content of the laboratory's scientific publications. They relied on Toronto University for training and even the selection of the staff that would be in charge of insulin production lxiv . This prior control of the licensee's scientific and industrial capacities was not simply a formality. The insulin committee refused several applications when it considered that the laboratories were not sufficiently equipped and experienced.
The insulin committee also refused to grant a licence to any laboratory that was already engaged in the production of pancreatic extracts for the treatment of diabetes, other than UT's insulin, to avoid any confusion that might compromise the reputation of insulin as a treatment for diabetes. In 1923 it refused twice to grant a licence to The Digestive Ferments Company of Detroit, which produced a pancreatic extract for several firms.
Licences established the University of Toronto's right to control the quality of batches produced by licensees. These tests were to be carried out in a special laboratory 
5-Relations between the University of Toronto and the MRC concerning the

Management of Insulin Patents
From May 1922, as it filed its patent applications in Canada and the US, the University of Toronto approached the MRC to offer it its insulin patents for the UK and Ireland lxx . The aim was to extend its control over the production and sale of the new drug in the British Isles, on the basis of principles similar to those applied by the University Although the MRC had doubts as to the soundness of UT's insulin patents lxxv , it accepted the university's offer, on three conditions. The first was that it would be given the necessary know-how for the reproduction of the insulin extraction technology in the MRC laboratories, since this know-how was not described in the patent application filed by the University of Toronto in Britain First, the MRC was a public, medical, non-profit organization: 'In pursuit of theses objects, however, the Council has not thought it consistent with their duty, whether as a government department or as a body of workers in medical science, to charge any kind of royalty … '. Second, the collection of royalties would necessarily weigh on patients and medical institutions, whereas the UT's main objective in filing these patents had been to relieve them both. Third, the only valid justification for patenting medical inventions was the control that patents allowed over the drug industry and trade.
Obtaining financial gain from these patents, even for medical research purposes, was proscribed. The University of Toronto nevertheless defended its royalties on the basis of the cost of the tests it performed free of charge for North America, whereas British firms had to pay for the service provided by the NIMR. The university also pointed out the fact that the English patent, on a new process, depended on its basic patent and that its royalty policy was therefore justified, at least for North America. During this controversy the MRC showed its wish to 'teach the University of Toronto a lesson' on the right use to which medical patents should be put. Note that this debate is recurrent in the history of drug patents lxxxiii . Should medical research be financed by the rents levied on drug patents -in which case there is the risk of being accused of burdening patients with the price of drugs? lxxxiv Or should medical research rather be financed by the state?
Conclusion
The policy of 'administering medical patents for the public good, developed and applied by the University of Toronto in the early 1920s, was an impressive novelty at a time when the manufacturing and sale of drugs were subject to little control. When insulin was put onto the North American market in 1922 there was no specific and effective apparatus to regulate drugs, neither in North America nor anywhere else in the world. Control over the manufacturing and sale of drugs was simply part of a more general system of monitoring food, alcohol and hallucinogenic substances. In the late nineteenth century, among an impressive number of drugs that were hardly effective or even harmful, there was a proliferation of active remedies such as digitaline, morphine, vitamins, certain hormones, antipyretics and the first 'chemotherapeutic' molecules such as Ehrlich's salvarsan. However, most of these drugs were not standardized. Within the same firm products varied from one batch to the next and differences between firms were the rule. In the UK and two of its former colonies, the US and Canada, a law was passed in the latter half of the nineteenth century to punish -at least in principle -the 'adulteration' of drugs lxxxv . This Act also broadened the functions of the Agriculture Department's Division of Chemistry, which became the Bureau of Chemistry, the future FDA (Food and Drug Administration).
In no country do we find an effective apparatus for controlling the efficacy of drugs sold; only conformity with the information supplied by the laboratory was In this context the novelty of the University of Toronto's policy was threefold:
1. In the fields of intellectual property, academic research and the regulation of drugs, the university's policy was driven by the discoverers of insulin's mistrust of industry and their fear of possible abuses in the 'commercial exploitation' of drugs.
These abuses could concern the establishment of a monopoly likely to impose restrictions on the supply of a drug considered essential for many patients, or the hasty distribution of insufficiently controlled preparations. The insulin patenting policy helped to shift the commonly accepted norms in the medical profession and academic world: rather than refusing IP rights altogether, it could be useful to own a patent for the sake of medical ethics and to protect patients lxxxviii . The idea here was not to use the power of the patent to create a commercial monopoly or to extract a rent, but to make it the instrument of a drug biopolicy inspired by the public good. To that end, intellectual property had to be free of commercial goals, monopolies on production and sale, profitsharing for inventors, and perhaps the collection of royalties. On the latter point the MRC wanted the UT policy to go even further and to eliminate any objective of financial gain, even if it was justified by medical research. In the hands of an academic organization like Toronto, or a public agency like MRC, patents became a means to discipline industry and trade.
The University of Toronto managed to impose a policy of mutualization of intellectual property rights on inventions concerning insulin. It employed a sound legal argument: the priority of its basic patent that it intended to use to counter any new process claim. The university also benefited from the moral authority associated with its researchers' discovery and with the humanitarian goals that it had set for administering its patents. Although the principle of pooling patents had been suggested by its first licensee, Eli Lilly, who hoped thus to maintain its position in the market ahead of other licensees, UT pooled inventions primarily to prevent a monopoly. As long as it was accessible to new licensees, so as not to violate anti-trust laws, the patent pool was a means for preserving the openness of the drug market, an incentive for price control, and a way of facilitating the rapid circulation of available inventions. This solution, which had been experimented by the US government during WWI in the aeronautics field for national defence purposes lxxxix , was new in the pharmaceutical field.
It is by no means insignificant that the mutualization of intellectual property took place in two areas of exception as regards intellectual property: national defence and public health xc .
2. The power of patents also authorized UT and the MRC to introduce the regulation of production and commercialization of insulin that no institution in Canada, the US or the UK was authorized to apply at that time. This power of control enabled the MRC to compensate for the absence of adequate legal regulations to control therapeutic products in the UK. Such regulations would have rendered drug patents futile: 'I hope that we shall have our Therapeutic Substances Bill passed, which could enable us to control the manufacture and testing of a preparation like this by direct licence, without reference to patents of any kind' xci . In fact the insulin affair afforded an opportunity for the MRC to assert its existence in the field of drug regulation and to contribute to the drafting of this bill. Patents on insulin were also valuable for applying the standards defined by the scientific and medical community, and even for educating doctors and patients in the use of high-quality insulin. xcii The control exercised via patents was eventually extended to use of the drug by the medical profession and patients. Use of medical patents for the purpose of controlling the quality of health products was the main subject of debate in March 1939 at a conference of the American Medical Association on medical patents. The question was 'patents for profit' or 'patents for quality control'? xciii Two cases were presented and discussed: that of serums for the treatment of scarlet fever, and that of insulin patents. In both cases the patents held by universities were used to set up measures for controlling product quality, with which licensee laboratories had to comply. The patent holder selected industrial laboratories with the scientific and industrial capacities judged adequate to meet quality standards.
In the case of scarlet fever, the patent holder did not hesitate to sue firms which refused the quality control linked to the granting of a licence. Intellectual property thus became a means to standardize medical products: '…Highly potent and accurately standardized scarlet fever toxin and antitoxin are produced only in those countries where the products are protected by a patent'. Henri Dale reached the same conclusion regarding insulin.
He cited the example of Denmark where the patenting of insulin was impossible and where only one trade mark was recorded. Control over production was impossible and a firm driven more by financial gain than by the preparation of high-quality insulin hindered the efforts of the local insulin committee.
3-The insulin patent also tells us about the format of drug patents. Paradoxically, whereas medical patents were decried because of the monopoly that they established on the supply of health goods, UT's basic patent on insulin was so broad that it covered a multitude of preparations and put all other inventors in a position of dependence. This which placed all patents in the university's fold. To conclude, note one of the originalities of this patent: in the absence of a perfectly pure substance and a chemical definition of insulin, which was to become available only much later, the patented product was defined by a sufficient degree of purity that was superior to preceding preparations, and by its physiological and therapeutic effects of benefit to the treatment of diabetes.
Notes
i Diabetes mellitus is a serious disease that kills within months if untreated. It is characterized by severe weight loss, extreme fatigue, thirst, abundant urine and, from a biochemical point of view, glycosuria (presence of sugar in the person's urine) and hyperglycaemia (high level of glycaemia in the blood).
ii. viii Although they were soon incapable of mass producing insulin on their own, the Connaught laboratories retained a strategic role throughout the operation. They were a means of putting pressure on the Eli Lilly laboratories, and a means to control the quality of insulin produced by the US laboratory -even if, as we shall see, the IC set up its own control laboratory. xxxiv In March 1923 the Eli Lilly scientific director tried to reassure Macleod who was worried about possible attacks on the Toronto patent: 'I do not think that you should pay too much attention to the report you received regarding concerted action on the part of manufacturers to defeat the Toronto patent. This is in all probability purely bluff, as the Toronto patent is a strong basic patent and the two or three manufacturers in the US who are in a position to produce Insulin with satisfactory controls, have too much at stake themselves to care to provoke a fight of this nature' (Letter to Macleod, 14 March 1923) . The soundness of Toronto's position stemmed from the scope of its product patent and the small number of rivals who had the knowhow to produce high-quality insulin. 
